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ABSTRACT 


This study on the use of weather forecasting in snow and ice 
control showed that weather forecasts do not as yet have the required 
reliability to be used extensively in winter maintenance operations. 

In addition, predictor and detector devices were found to be 
potentially important alternatives to weather forecasts, but not 


aus presene,.cOStS. 
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I INTRODUCTION 


This report briefly describes some of the weather forecasting 
agencies, the instrumentation used to gather, measure and present 


meteorological data, in the form of a cohesive weather report. 


Ideally, these weather forecasts should be an indispensible 
tool in the efficient prevention of ice formation on roadways by giving 
maintenance crews sufficient time to salt the roads before ice has an 
opportunity to bond to the pavement. This paper will also consider 
whether or not weather forecasts are, indeed, a feasible management 
tool in the prevention of ice formation on road surfaces. This will 
be done by questioning maintenance engineers about the asefuinese and 
shortcomings of weather forecasting and receiving suggestions for its 


improvement 


Several other weather service developments, detector and 
predictor systems from the United States, Britain and Japan, will be 
discussed, leading to overall recommendations towards improving, 


or possibly replacing the present system. 


Ii. FINDINGS 
Weather Prediction Agencies: 


At present, there are many agencies involved in weather 
prediction. In Canada, AES, the Atmospheric Environmental Services, 
is the largest of these and consists of a complex network of weather 
data Sor ieceins and communication stations, as well as weather offices, 
research departments, and climatological archives throughout Canada. 
AES is a part of Environment Canada, (until recently the Department 
of Fisheries and Environment Canada). Its services include weather 
warnings, and advisories, special forecasts, and public forecasts, all 


issued by teletype. (1) 


Other companies such as Accuweather, a privately owned firm in 
Pennsylvania, rely on AES data but make their own weather predictions. 
Experienced Accuweather forecasters interpret AES data according to 
their subscribers' needs and geographical locations and then relay 
these new forecasts by means of telephone. This seems a very attractive 
offer to those subscribing to AES services. Since both the cost and 
the accuracy of AES and Accuweather are similar, the phoning-in of 
the forecasts and weather updates of Accuweather appear much more 


convenient than does waiting for an AES teletype message. 


In the United States, the major source of weather information 
is obtained from the National Weather Services which is a division of 
the National Oceanic and Atmospheric Administration. They supply the 
basic weather data used by all meteorological sources. Along with this, 
there are also over 60 private weather services listed in the professional 


directory of the American Meteorological Society. (1) 
Weather Data Collection: 


The prediction of weather is a very complex procedure which 
requires accurate and detailed information from throughout a given 
region. In Canada, the required atmospheric data is obtained by means 
of a network of observation stations which record at fixed times and 
frequencies, along with marine observations and a variety of other 
weather reporting programmes. These data are utilized by AES weather 
forecasters to obtain comprehensive weather pictures, providing the 
basis from which they formulate predictions of the upcoming weather 


situations. (2) 


Hourly Weather Observatories: 


The Ontario Region of this weather observing network is 
bounded by the Ontario-Quebec border to the east, the 87th meridian to 
the west, the center of Hudson Bay to the north, and the United States 
Boundary to the south. Within this area, there are 39 hourly weather 
observing stations, most of which are situated either at the airports 
of larger cities, or in agricultural areas, and all are manned by 


experienced technicians. The instruments used at these stations range 


from hydrogen balloons used to measure the height of clouds, to electronic 
devices which supply data on visibility, precipitation, pressure, temperature, 
dew point, and amount and type of cloud. These hourly reports are coded, 

and sent via teletype to the Ontario Weather Centre at the Toronto 
International Airport, where they are used to determine upcoming 


weather conditions. (2) 
Climatological Stations: 


There are 420 to 450 climatological stations within the Ontario 
Region, concentrated mostly in populated areas, and usually manned by 
farmers or interested citizens. The data reports are completed twice 


daily, the first between 6 and 9 am and the second between 4 and 6 pm. (2) 


The weather conditions observed at these stations include 
maximum and minimum temperatures, humidity, and amount of rain, and 
snowfall. However, this information is not recorded frequently enough 
to be used in the formulation of the weather forecasts. A monthly 
summary is made from the atmospheric oe collected at most of these 
stations, and used mainly as an indication of regional weather 


conditions on a broader and less detailed basis. 
Other Sources of Meteorological Data: 


Other sources of data available to weather forecasters 
include Meteorological Automatic Recording Stations, marine observations 
made by commercial vessels every six hours, and reporting on general 
weather conditions, visibility, and winds from eight lighthouses on the 
shore of the Great Lakes. There are also programmes such as SCREP, 
Small Craft Weather Reporting Programme, consisting of volunteer vessels 


which measure wind and visibility on the lakes. G2) 


In addition to these, observations from radars, which assist 
in observing and forecasting the behaviour of local storms within 200 miles 
of the radar station, radiosondes, satellite data, aircraft reports, Great 


Lakes Ice Observations, and reports from police forces, town councils, and 


citizens are integrated with weather data from the previously mentioned 


sources in order to give a more accurate prediction of the weather. (2) 
Recording of Meteorological Data: 


The measuring and recording of meteorological data at the 
observing stations are done using standard instruments. The maximum 
and minimum temperatures are measured by the use of thermometers which 
indicate the highest and lowest temperatures reached, or by thermo- 
hydrographs which continuously record onto charts. The temperature 


fe) 
range of the chart extends from -35°C to 45°C withinians errorvof 1.4°C. “{2) 


The standard instrument by which rainfall is measured is 
the Tipping Bucket Rain Gauge. Its bridge assembly tips for each 
-Ol1 inch of rainfall, causing an electric impulse which is then 
recorded on a chart. The intensity of the rain can be determined by 


the number of impulses. (2) 


The measurement of snowfall is done by means of a snow 
gauge in which the snow melts and is recorded in terms of its water 
equivalent. However, the accuracy of this instrument is affected by 


the evaporation of snow. (2) 
Devising of Weather Forecasts: 


After all of the weather data has been assembled at the Ontario 
Weather Services, a prognostic picture is formulated. The regional 
forecasts are made by analysis of the information gathered from an 
extensive network of observing stations and application of scientific 


principles. 


Ontario contains 15 of these forecasting regions, each encompassing 
a circle with a radius of 60 miles around a chosen observing station. 
These stations include Windsor, London, Hamilton, Toronto, Trenton, 
Timmins, White River, Sault Ste. Marie, Ottawa, Thunder Bay, and 


Kenora. Information from the over 20 remaining observing stations is 


then used to supplement the information from the station at the centre of 


the forecasting region. 


The area contained within these regions includes a large 
portion of the highway and road networks so that the Ministry of 
Transportation and Communication, AES's largest customer, receives 
as detailed a picture and as good an indication of weather conditions 
throughout Ontario as possible. Previously, the Ministry of Transportation 
and Communication was divided into 25 divisions, and AES released a 
forecast for each of these. However, it was found to be easier to 
select specific observing stations which could provide detailed 


information for much of this area. 


The present system is expected soon to be replaced by Aitetnees 
method of providing necessary information to maintenance engineers. Using 
this new system, they would receive a satellite or preferably a radar 
picture of the forecasting region in which they are situated, every 
Six hours. Maintenance engineers would then be taught to read these 
pictures and knowing the effects of the’ topography on the weather within 


their area, would then be a great help in assessing the weather. 


At the moment, the determining of forecasts for these regions, 
is accomplished using the synoptic method of analysis which entails 
expressing the available data in terms of systems, fronts, and cloud 
systems, and then extrapolating their position to determine where they 
will be in the future. This extrapolation is then used to translate 
the information back into specific weather conditions. All this is done 
using guidance material and a knowledge of various factors which could 
modify an idealized weather model. Afterwards, the forecaster then 
devises public and special forecasts, keeping in mind the specific needs 


GEsres scustomerss Gal U2 825;, 2737. 4) 


In addition to the usual weather reports, two types 
of weather warnings are also released if necessary. First, weather 
advisories are formulated to alert weather forecast users to potentially 
dangerous conditions predicted for some time in the future, and then 
if weather conditions in the very near future constitute an imminent 
hazard in a small area, the weather forecaster will issue a weather 


warning. (4) 


Issuing of Forecasts: 


The coded, four daily forecasts from the Ontario Weather Services 
begin with a six figure digit which states the day of the month, and the 
time (Greenwich Mean Time), at which the forecast was issued. Afterwards, 
it is separated into five sections, A, B,.CG,a), and B.wthe period an 
which the data in the A, B, and C columns are applicable depends on the 
issuing time of the forecast. Sections D and E make up the second 


forecast period, which is valid 12 hours beyond the first. (5) 


As for the data received, it includes in section A, the types 
of precipitation, the amount of snowfall, and the time at which the 
precipitation is expected to commence, to change to another form, and to 
end; in section B, the wind velocity, and the maximum and minimum air 
temperatures and in section C, coded remarks on specific dangers, or 


drastic changes expected in any atmospheric conditions. (5) 


Sections D and E, comprising only a general outlook, relate 
the predominating precipitation expected, the amount of snow, and the 


time of its start and end, and wind velocity. (5) 
The Use of Weather Forecasts: 


In response to a questionnaire sent to 400 municipalities 
throughout Ontario and over 30 personal interviews, the decisions of 
most maintenance engineers on whether or not to salt appeared ultimately 
to depend upon personal knowledge and experience as opposed to relying 
exclusively on weather forecasts, which many considered inaccurate. It 
was the thought of many of these decision makers in small towns, that 
they did not require AES forecasts because they could quickly mobilize 
their few trucks, and the cost of AES services was also a deterrent to 


many of these. 


Larger cities, on the other hand, appeared to depend more on 
AES reports than the small towns, but again their decisions were certainly 


not based solely on the weather forecasts. 


Causes of Forecasting Inaccuracies: 


At the moment there are many weaknesses in the weather forecasting 
methodology used. One of the problems which arises concerns the location 
of the AES stations. Because the hourly observatories which usually supply 
information detailed enough to aid in forecasting, are so few and far 
between in relationship to the major users of weather data, it is difficult 
ta apply these data to more localized areas, many of which have varying | 
geographic characteristics, and to cities, which usually experience 


weather conditions differing from those of nearby rural areas. (4) 


The problem is intensified for maintenance engineers in those 
cities where the observing stations are located in suburbs. This is due 
to the fact that a city, because of heat islands which result from warm 
air caused by car and people interactions, displacing the cold, average 
temperatures opr ay ee warmer than nearby rural areas. Also the wind 
“speed can be reduced up to 25%, the humidity by 6% and the precipitation 
can be increased anywhere from between 4% to 20%. All of these 
differing factors could easily mean such differences as whether roads 
are expected to freeze or not, or whether only a small amount of snow is 


expected to fall. (4) 


Also, although weather forecasts are usually reliable in 
predicting major storms, or snowfall above 2 cm, it is extremely difficult 
to predict less significant snowfalls because of their random nature, 


and short term occurrence. 


Of course, the weather conditions can also change so quickly 
that it would be impossible to always release correct forecasts. Moreover, 
the further ahead the forecast is released, the greater the chance that 


eit wikl be incorrect. 


Other Weather Service Developments: 


In many regions, particularly in the United States, Britain 


and Japan, a concerted effort is being made to predict adverse weather 


conditions in the winter before they occur. Many of these programmes have 
been successful in planning the amount of manpower necessary and in 


helping alert these maintenance crews when a storm is expected. (6) 


In Wyoming, anemometers were set-up in various parts of the 
state as part of a large study which was conducted in the winter of 
1973-74 by the State Highway Department to increase their understanding 
of the winds which often sweep through areas of the state, and to try 
to relate wind direction to the amount of precipitation experienced. 

It was hoped that the resulting information could be used to devise an 
early warning system. The wind speed and direction measuring 
instruments were placed near a stretch of I 80 from Laramie to Rawlines, 
with the aid of the University of Wyoming and the Department of 
Atmospheric Resources, and the data obtained, was in fact successful 

in finding a direct correlation between wind direction and the 


amount of precipitation. (6) 


In addition to this, the National Weather Services began in '74, 
releasing three daily spot forecasts. The accuracy of the 5 pm forecast 
was found to be 76%, and that of the 5 am was 81%. These were, 
therefore, instrumental in alerting maintenance crews when adverse 
weather conditions were expected. Besides the prediction of 
adverse weather, it is also important to be aware of road conditions and 


the entire weather picture during such times. (6) 


In Massachusetts, on Route 128, a frequently travelled section 
of highway near Boston, sensors were implanted into the pavement to 
measure the surface pavement temperature after which it was continuously 
recorded onto a chart in a nearby maintenance building. With this 
information and the wind velocity, air temperature and solar radiation 
data obtained from an adjacent meteorological station, it is hoped 


that better, more informative forecasts will be possible. 


Connecticut, on the other hand, is an example in which each 
Maintenance garage contacts the maintenance headquarters on an hourly 
basis, thus enabling the exact weather conditions from throughout the 


state to be known. 


In Britain, at present, weather forecasters release a weather 
forecast in the mid-afternoon, up to 20 hours ahead of time, enabling 
maintenance engineers to prepare during the evening. Should the 
temperature be predicted to drop to at least 0°c, then the maintenance 
engineers will have sufficient time to pre-salt and thus prevent and 
inhibit ice formation. Because the road surface temperature rarely 
falls to 0°c in Britain, more problems are created because the formation 


of ice is so intermittent. (7,8) 


If the road surface temperature is expected to fall to at 
least Grey the forecaster estimates when this temperature will be 
reached. In addition, if the roads are expected to be wet, a Road 
Danger Warning is released to those maintenance engineers who employ 
this service for a fee. If the roads are expected to be dry, a Road 
Danger Warning is still released, although stating that the pavement should 
be dry at this time. This is the best source of information maintenance 


engineers receive to aid them in the decision on whether or not to salt. (7) 


There are no accepted standard procedures for measuring actual 


road surface temperatures. (7) 


There are two methods being used in Britain to determine 
Minimum road surface temperature. One is a direct regression method 


outlined in a paper written by G.E. Parrey et al. (9) Using the equation, 


= - + -69D = 4.6 
M. O 59T, 5 0.6 12 


derived by the method of least squares, where T is the dry bulb 


Le 


temperature at 12 GMT, and D is the dew point temperature at 12 GMT, 


12 


M the minimum road surface temperature can be calculated. The 


’ 
Me dae deviation between the forecasts and the observed minimum 
temperatures obtained from thermometers resting on the road surface, 

was othe, Although they discovered that wind speed had no effect on. 
the surface temperatures, they did find a correlation between the amount 
of cloud and these temperatures, and after this cloud correction was 


implemented in their calculations, the standard deviation was found to 


been 42- Cc. C7; 9) 


-10- 


The second, and more frequently used method first requires an 
estimation of the minimum air temperature to be made, and then applying 


one of a number of possible equations, such as, 


M gay tt Se LOMAS ti ero, 
A R 


where M is the minimum air temperature, and t is the hours 
between sunset and sunrise, the road minimum temperature, M. is 
calculated. (15) The average standard deviation of this indirect 


method was found to be 37°C! (7,79) 


Neither of these methods is very accurate, although they can 
become more so if the weather forecaster improves on them using his 


knowledge of local conditions. (7) 


In the spring of 1976, a questionnaire was formulated and 
distributed throughout South east England, where 73% of those 
Maintenance engineers responding, indicated that these Road Danger 
Warnings were adequate. However, there was a large regional variation. 
Over 50% of those responding in the northern, less populated areas 


thought the warnings were inadequate. (10) 


The major complaints were that the warnings were too vague, 
the precipitation data was not specific enough and the forecast 


regions were too large. (10) 
Detection Devices: 


Various detector devices have thus far been developed using 
such properties as electrical conductivity, electrical capacitance, 
latent heat of fusion, air and pavement temperature, humidity, changes 


in resonant frequencies of vibrating elements and spectral temperature. 


In 1969, efforts were made by Holley, The. to develop a 
successful dual channel ice detector. They were tested in California and 
Illinois and were to issue frost warnings when the following three 
conditions were met: 1) the surface temperature was at or below 0°c, 


fe) 
2) the road surface temperature was at least 1.9 C below the ambient air 


(11,12) 
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temperature, and 3) the relative humidity was from 80% to 100%. A major 
disadvantage to this system was found to be that if there was moisture 
on the road when the humidity was lower than 80%, a warning would not 
be issued. The system was found to be inadequate as were all those 


designed in the 60's. (13,14) 


More Se ees uSing additional measured parameters, various 
other devices were constructed and tested by the US Federal Highway | 
Administration. The first detected moisture by recording temperature 
and changes in electrical conductivity. Two electrical sensors, 
one heated and the other not, each with two sets of electrodes with a 
gap in between them, were embedded into the pavement. When ice 
formed, the conductivity was low in the unheated sensor, and high in 
the heated, due to the melting action, and this imbalance was expected 
to trigger a warning. On the other hand, when salt was deposited on 
the road, restoring the conductivity balance, the warning was to cease. 
After one year of testing, the system's reliability was found to be 


75%, and after the second year, the results were extremely disappointing. 


A second, more promising system, using electrical capacitance 
and electrical conductivity was also investigated. In addition to a 
sensor plate which detected ie Fede by the ability to measure the 
increase in the changing current and the rate of change of voltage with 
time when moisture was present as opposed to only airy italso had 
sensors measuring conductivity to differentiate between water and ice. 
In the first year of testing, an alarm was triggered only two out of 
eleven times and on five occasions when ice had actually formed, there 
was no response. However, this system was still considered to have the 


most potential. (11) 


The third detector system tested by the U.S. Federal Highway 
Administration relied on the principles of latent heat of fusion. In this 
device, a thermal pulse was conducted to a plate and if there was a delay 


in the expected rise in temperature due to the latent heat of fusion which 


(11) 
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is much larger for ice than water, then ice was present. However, because 
this process melts the ice, the warning signal constantly flashed on and 


Off. Mt was accurate J] 2teoOnNenem elmer (11) 


The US Federal Highway Administration thus concluded that all 
three systems were not sophisticated, or refined enough to actually be 


applied on roadways at this particular time. (11) 


Another system worked on the premise that the vibrational 
frequency measured on a cone decreased as the mass of the cone increased 
if ice adhered to it. The system at the moment cannot be installed in 
the pavement, and was obviously not examined by the Federal Highway 


Administration. (11) 


And so, attempts to produce a dependable detecting device has 
thus far, largely proved unsucessful. They must be reliable, with only 
a low percentage of false alarms, and able to measure actual road 
conditions as opposed to nearby conditions, or conditions which are 
incorrect due to changes caused by thermal properties of the road 
sensors different from those of the pavement. Moreover, they must 
also have the ability to account for changes in pavement conditions due 
to traffic and differentiate between a salt-free roadway and a road on 
which there is still de-icer residue. They must frequently be replaced 
and continuously readjusted, preventing their installation from being 
feasible at the moment. These snow and ice detectors must also be able 
to withstand adverse weather conditions and extreme temperatures 


as well as, snowblade, car, and de-icer damage. (11) 


Snow and Ice Predictor Systems: 


In Britain, at present, there are ice predictors being tested, 
although only in very few places. The device is very similar to those 
detecting systems presently in use, and operates using electrical 
conductivity, issuing a warning when the road surface temperatures fall 
below a certain point. The major components of this device are a pair 


of electrodes, and a thermometer embedded into the pavement. There are, 
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however, two disadvantages to this system. One it shares in common with 
detecting devices-the presence of salt produces the same conductivity on a 
dry road as a wet toad. does without salt. The second problem is one of 
time. Because the maintenance engineers need a sufficient amount of time, 
approximately four hours, to prepare the trucks and pre-salt before the 
adverse conditions are expected to arrive, the road surface temperature 
at which a warning is issued must be set a few degrees higher than the 
actual reading. This then reduces its accuracy considerably, since the 
probability of a false alarm increases, as the temperature setting at 
which the warning is triggered if moisture is present on the pavement, 
increases. However, the probability of being able to finish the 

Salting also sharply decreases. And so a setting must be found which 
Minimizes both factors as much as possible. This is a problem faced 


by all such predictor devices. (15) 


The problem caused by the possible de-icer residue still on 
the road was evintinated using two additional sets of electrodes. One 
set was embedded near the others, to detect moisture on the pavement, 
with or without salt present. The second pair was located far enough 
away from the salt trucks' spreading range, to prevent them from also 
obtaining a reading influenced by salt. Thus, fairly accurate readings 


are received whether the road is wet or dry, with or without salt. (15) 


Another set of electrodes was also embedded into the pavement 
to detect the presence of snow. Usually the snow contains enough 
moisture to produce a change in electrical conductivity. However, if 
the snow present was dry, the problem of no moisture reading was 


eliminated by the use of small heaters which melt the snow. (15) 


These predictor systems were tested over two winters, and 
it was found that for 100 Road Danger Warnings, and 57 warnings from - 
these ice predictor devices, there were 46 actual saltings. In 


another trial, there were 35 warnings and 42 actual saltings. (15) 


mil Ass 


It can be seen that many improvements must still be made with 
this system, but in addition, maintenance crews must also be regulated 
more closely, and improve their salting procedures, since no matter how 
complex and sophisticated the system there will be no significant 
decrease in the amount of salt because of weather conditions they feel 
could become potential hazards, even though no signal has yet been triggered 


by the ice and snow predictor systems. (15) 


These predictors are to play a role in the proposed 
communication system which is intended to help increase the reliability 
of the forecasts. The previously mentioned ice warning system, along 
with dry and wet bulb thermometers to measure temperatures at the 
standard height of 1.25m, rain gauges, anemometers, and wind vanes, will 
be installed first along M62 Trans-Pennine Motorway, and M4 London to 
South Wales Motorway on a trial basis. These various sensors will be 
connected by means of voice frequency cable links to a responder at one 
of 1000 intended outstations. From here, the information will be 
relayed in digital form every five minutes to any of six computer 
centres. At present, these computer centres only control traffic 
Signals, but are capable of obtaining and processing traffic and 
weather data, calculating traffic volume, controlling the emergency 


telephone network, and detecting malfunctions within its own system. (15) 


Here, at one of these computer centres, the data will be 
assessed by one of two processors, capable of storing 32,000 words, 
and a logical decision made as to whether or not to trigger a warning. 
If a warning is issued, it will be relayed to one of 30 control offices, 
consisting of a typewriter keyboard, and electronic display, anda 
"mimic" diagram of the roadway. Each computer centre will be able to 
serve up to eight of these control offices which will be situated at 


police headquarters. (15) 
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In the trial, however, a satellite computer at the Road Research 
Laboratory will be used to analyze the information since the traffic 


computer system is too difficult to reprogramme for testing purposes. 


Their intention at the moment, is not to use this system as 
a guideline for determining whether or not to salt the road, but as a 
source of comparison with the actual salting occasions, and to observe 
its: reliability... If it ‘is “indeed dependable, it may be used to supplement 
and interpret the data available to forecasters in the hopes of 


improving the forecasts. 


In Japan, a complex system has been set up to notify winter 
maintenance crews to salt by obtaining for them, predictions on whether 
the pavement will freeze, and to warn motorists, using warning signals 


on roadways. (16) 


The first component of this system consists of meteorological 
observation devices which are either embedded into the pavement or 
Situated along the side of the road at various locations. At present 
there are 30 sensors in a test eran which is a stretch of road 60 km in 
length. The position of the sénsors was determined by the ease with which 
they could be maintained, not by the dangerous nature of the road. 

The observations include the pavement temperature 0.5 cm below the 
surface of the road, the underground temperatures at 5, 10, 20, and 
50 cm below the surface, the air temperature at a height of 1.5 m, the 


net radiation and wind direction at 2 m, and the road surface moisture. (16) 


The road surface moisture detector is installed at the side 
of the roadway, and uses change in electrical conductivity, the 
scattering of light, and the road surface temperature to determine whether 
or not the road is wet. Using the data obtained by these sensors, various 
road conditions can be determined; e.g.: 
(a) There is only a small danger of ice on the road due 
to the lack of moisture present. 


(b) The road is wet, but the road surface temperature 
is -above*l.5 C. 


Be Lites 


(c) There is danger of ice since the road is slushy 
with snow and the temperature of the road surface 
is between 0 and 1.5 C. 


: fe) 
(d) The road surface temperature is below 0 C and there 
is danger of icing, or there is already ice present 
on the road. 
The information obtained at each of these observatories from the 


meteorological and moisture detecting devices, is then sent to the control 


centre to be analyzed by data processing equipment. 


It is here that pavement temperature predictions are made 
and incorporated into overall predictions of ice formations either as 
long range forecasts which are issued 15 hours in advance, or as short 
forecasts which predict 2 to 4 hours in advance. As might be expected, 
the short range predictions proved to be more accurate than those 


prepared 15 hours ahead of the event. 


\ 


When formulating the short range forecasts, only the information 
obtained from the observation stations is used in predetermined equations 
whereas some upper air observations are included in the long range 


forecasts. (16) 


When the pavement temperature is predicted to drop below 
freezing using both methods, a warning is triggered on the data 
processing equipments control panel. If there is also moisture on the 


road, warning signs on the roadside are activated. (16) 


III CONCLUSIONS 


Weather forecasting should be an important factor in winter 
Maintenance operations. However, in its present state, maintenance 
engineers feel it is not reliable enough and desire specific atmospheric 
information, predicted far in advance, which weather forecasters are at 


the moment simply unable to determine for them. 


Altermative methods such as predictor and detector devices are 
receiving more attention, as the use of salt comes under increasing 
criticism. But because of the vast amount of roadway due to the size of 


this country, these systems are exceedingly expensive, and at present 


Shia 


costs, would not be a feasible method of efficiently preventing the formation 


of ice on our roadways. 


IV RECOMMENDATIONS 


Se It would be useful to know exactly how accurate a forecast must 
be in terms of temperature range, types of precipitation, and 
wind velocity, in order for the reports to be of use to 


Maintenance engineers. 


2% A Canadian company, able to effectively compete with Accu- 
weather should be set up, thus reducing our dependence on the 


forecasts of an American company, as an alternative to AES. 


Se A new methcd of weather forecasting will soon be tested by 
AES using satellite pictures which will be sent to the 
Maintenance engineers. Radar pictures would be of greater 
value, however, than these satellite puctures, and the 
feasibility of setting up a radar system, each individual 
radar being 200 miles apart, should be investigated despite 


the high cost of installing the stations. 


es Strict definitions of weather terms should be implemented 
and adhered to so that weather terminology will become 
standardized throughout the country, thus reducing the 
subjectivity involved in the present method of weather 


forecasting. 


oe Further investigations should be made in the implementation of 
detector, and predictor systems in cost justifiable areas, such 
as regions of high population density and roads with high 


volumes of traffic, such as the 401, and 400. 


6. A freezing index should be established to further aid 


maintenance engineers in their decision whether or not to salt. 


10: 
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